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The first molecular dyad, 1, containing a pyridazine-bridged dinuclear Re(I) chromophore is prepared. A photoinduced triplet charge-separated state is formed in 1 in about 100 ps, which recombines by a spin-selective process, so forming the fullerene triplet state, within 10 ns.
5 family of dinuclear Re(I) complexes has been used as a photocatalyst for CO 2 reduction. 10 Also, fs pump-probe transient absorption spectra of [Re 2 (µ-X) 2 (CO) 6 (µ-L)] species have not been studied. Here, we report on the first molecular dyad made of a [Re 2 (µ-X) 2 (CO) 6 (µ-L)] unit covalently-linked to a fulleropyrrolidine electron acceptor (1, see Figure 1 ), whose synthesis is reported in the ESI. The molecular connection between the dinuclear rhenium(I) and fullerene units is provided by a short butanoate group and a rigid, non-conjugated androstane system. The absorption spectra and photophysical properties (including photoinduced intercomponent processes), studied by UV-Vis and NIR pump-probe femtosecond transient absorption spectroscopy, of 1 and of its molecular components 2 and 3 are showed and discussed. It is the first time that ultrafast transient absorption spectroscopy has been used to investigate the excited-state properties of a dirhenium compound of this new family of chromophores.
6
Results and Discussion
Redox behavior. The redox behavior of the family compounds of general formula [Re 2 (µ-X) 2 (CO) 6 (µ-L)], to which the model species 2 belongs, have been extensively investigated. [6] [7] [8] 10 Such studies, also supported by theoretical analyses, 6a have demonstrated that first reduction is monoelectronic, reversible and centered on the L ligand, whereas first oxidation is usually reversible and bielectronic in nature, and involves partly delocalized orbitals receiving contributions from rhenium-centered and X-centered orbitals. Partial irreversibility of the oxidation process is found when X is chloride, probably as a consequence of the highly positive potential value induced by the presence of the strongly electron withdrawing chlorides. On the basis of this well-established framework, the already reported 6a redox behavior of [Re 2 (µ-Cl) 2 (CO) 6 (µ-(4-methyl)pyridazine)] can be taken as a model for the redox behavior of 2.
Re 2 (µ-Cl) 2 (CO) 6 (µ-(4-methyl)pyridazine)] undergoes a quasi-reversible bielectronic oxidation at +1.67 V vs SCE in acetonitrile. 6 The process is assigned to electrons removal from an orbital which receives contributions mainly from both rhenium(I) centers and the bridging chloride ions, 6b so it can be named a metal/ligand-centered orbital. The bielectronic nature of such a redox process, expected on the basis of formerly studied species of the same family, is supported by internal comparison of the intensity of the cyclic voltammetry peak corresponding to this process with that of the reduction process. Indeed, a reversible, monoelectronic reduction process takes place for [Re 2 (µ-Cl) 2 (CO) 6 (µ-(4-methyl)pyridazine)]
at -1.06 V, and is assigned to a pyridazine-centered orbital, in complete agreement with literature data concerning similar compounds.
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The cyclic voltammogram of the fullerene model compound 3 11 shows a series of reversible one-electron reduction processes, the one at less negative potentials being at -0.62 V (Table 7 1). The cyclic voltammogram of 1 appears to be a combination of those of its components (see Table 1 ): in particular, oxidation involves the dinuclear "Re(µ-Cl) 2 Re" moiety, and the first reduction process involves the fullerene subunit. The very close redox potentials of the various subunits of 1 compared to the potential values of the corresponding redox processes of their isolated units indicate that the electronic coupling between the dinuclear rhenium and fullerene subunits is weak, as expected because of the rigidity (and lack of conjugation) provided by the aliphatic molecular bridge. Figure 2 . Absorption spectra of 1 (solid), 2 (dashed), and 3 (dotted). Inset a shows the emission spectra of 2 at 298 K (solid) and at 77 K (dashed). Inset b shows phosphorescence of 3 at 298 K (solid) and at 77 K (dashed). All spectra are in toluene; emission spectra are normalized.
Absorption spectra and photophysical properties. The absorption spectrum of 2 in toluene ( Figure 2 ) is dominated by an intense absorption band with maximum at about 380 nm, assigned to a spin-allowed metal/ligand-to-ligand charge-transfer (MLLCT) transition, in agreement with the absorption spectra of other compounds of the same class of dinuclear, pyridazine-bridged Re(I) species. 6 The band is broad, with a tail extending to 500 nm, probably containing the corresponding (less intense) spin-forbidden 3 MLLCT band. The absorption band of 3 shows the usual intense absorption of fullerene species at about 320 nm.
At longer wavelengths, also a small peak, typical of substituted fullerene, at about 435 nm, is present ( Figure 2) . 12 In the absorption spectrum of 1 the MLLCT band is obscured by the more intense fullerene absorption, but is clearly visible as a shoulder in the range 350 -440 nm. Compound 2 is emissive in toluene, both at 77 K and at 298 K ( To study the excited-state decay route of 1, pump-probe transient absorption spectra were performed, starting with the component 2, whose time-resolved TA spectra in toluene is shown in Figure 4 : the initial spectrum (160 fs after laser pulse; excitation wavelength, 400 nm) exhibits two clearly discernable absorption bands in the visible region and suggests that 11 a bleach, assigned to disappearance of the MLLCT band, appears at shorter wavelengths than 460 nm (not shown; for technical reasons, we cannot obtain TA spectra with acceptable signal-to-noise ratio at wavelenghts shorter than 450 nm). Within a few ps (time constant of the process, measured at 590 nm, 4 (± 1) ps; see Figure 4a ) the absorption around 490 nm decreases and the one in the 540 -670 nm range increases. On a longer timescale, the spectrum continues to evolve, until a stronger absorption, peaking at about 580 nm, is fully developed (Figure 4b ; time constant of this process, 70 (± 7) ps). Successively, the TA spectrum monotonically decays to zero. This process, not accessible to our fs apparatus, has been checked on the ns timescale by following the recovering of the MLLCT bleach at 400 nm (excitation, 355 nm) with a ns flash photolysis equipment, see Figure S1 in ESI. The time constant of this latter process, 461 ns, very well agrees with the emission decay of 2 (480 ns, see Table 1 ). Although it is the first time that time-resolved TA spectroscopy of a member of the family of [Re 2 (µ-X) 2 (CO) 6 (µ-L)] luminophores is disclosed, so it cannot be compared to existing cases, the interpretation of the reported time-resolved processes can however be made on the basis of the literature data accumulated on mononuclear Re(I) polypyridine compounds: the "initial" spectrum of 2 here recorded (after 160 fs from pump pulse) is attributed to the triplet MLLCT manifold, since intersystem crossing in MLCT states of tricarbonyl Re(I) polypyridine compounds have been reported to occur in times shorter than 150 fs, 14 therefore we assume that it occurs on a similar timescale in the present dirhenium chromophores. In mononuclear [Re(CO) 3 (LL)Y] n species (Y = Cl, n = 0; Y = pyridine derivatives, n = 1+), however, time-resolved infrared spectroscopy indicates that two triplet states are populated simultaneously from the initially prepared singlet state, which successively equilibrate within few picoseconds. 14 By analogy, the 7 ps process showed in Figure 4a is tentatively assigned to equilibration between slightly different MLLCT triplets.
Solvent relaxation would be involved in the 70 ps process (Figure 4b) To analyze the slow process we performed ns flash photolysis, which indicated that the final TA spectrum recorded by the fs apparatus corresponds to that recorded after 50 ns ( Figure S2 in ESI), and is quite similar to that reported for triplet states of other fullerene compounds, 12,15 so it is assigned to the triplet state of the fullerene unit, which finally decays to the ground state with a time constant of 286 ns ( Figure S2 ). ♯ Such a decay is short for a fullerene intersystem crossing, usually occurring in the microsecond timescale, however is probably accelerated by enhanced spin-orbit coupling induced by the presence of the two rhenium atoms.
14 To better study the processes (iii) and (iv), the near-infrared (NIR) spectral region (845 -1600 nm) has been investigated. For compound 2, TA spectroscopy in the NIR did not give any sizeable signal (see ESI, Figure S3 ). On the contrary, a broad absorption appears in the initially-recorded (600 fs after laser pulse) TA spectrum of 1 in the 850 -1250 nm region (Figure 6 ). This TA decreases at any wavelengths, but spectral changes occur, with the appearance of a structure peaking at about 870, 1020 and 1130 nm (Figure 6 , top panel).
Such a spectral evolution takes place with a time constant of 105 (± 13) ps, and therefore is attributed to the process (iii), occurring in the same time range, shown in Figure 5b .
Spectroelectrochemical study indicates that the reduced anion of 3 (that is, the fullerene 16 anion) has similar signatures (see ESI, Figure S4 ), 16 so process (iii) is suggested to be photoinduced oxidative electron transfer from the thermally-equilibrated 3 MLLCT state of the dirhenium subunit to the fullerene acceptor, with formation of the Re 2 + -F -chargeseparated state (CS). Rate constant of the photoinduced charge separation process originating from the 3 MLLCT state is therefore about 9.5 x 10 9 s -1 in 1. The successive disappearance of the structured absorption in the NIR (Figure 6 , bottom panel) takes place with similar time constant of process (iv) in Figure 5 (that is, in the range 3-10 ns, see also note #), so it can be attributed to population of the triplet fullerene-centered state from the CS state. In fact, triplet excited states of fullerene derivatives have been reported to exhibit an absorption peak in the range 675 -705 nm, 15,17 similar to that shown in Figure 5c , and formed by process (iv) described above.
On the basis of the above discussion, the general main scheme for the excited state decay of 1 can be represented as in Figure 7 . Further comments can be added, based on the experimental data. First of all, part of the exciting light at 400 nm is directly absorbed by the fullerene subunit (see absorption spectra in Figure 2 ). However, fluorescence of fullerene does not take place, so indicating that fast radiationless decay processes also deactivate such fullerene-based singlet excited state. Most likely it is a fast intersystem crossing to fullerene triplet state, accelerated by the presence of the heavy dirhenium subunit to be responsible for fullerene fluorescence quenching. Actually, the effect of the dirhenium subunit in accelerating spin-orbit coupling in the fullerene subunit in 1 is also evident in the already- As a further confirmation of the occurring of photoinduced electron transfer as the main decay of the MLLCT triplet state of 1 at room temperature, it can be noted that spin- MLCT Ru-based level, whose energy is very close to that of the CS state in such solvent (energy difference between the two states has been calculated to be 0.02 eV, compatible with excited-state equilibration). 17 In the case of 1, the photoinduced charge separation is formed with a time constant of about 110 ps. Considering the driving force of 20 the same process of 4 calculated in acetonitrile (-0.24 eV), 17 the driving force estimated for 1 in toluene (-0.16 eV), and the different nature of the two solvents (driving force would favor 4, but "costs" in terms of reorganization energy would favor 1, since outer reorganization energy for CS is expected to be lower in less polar solvents), the difference in time constants of the photoinduced charge separation process in the two cases is acceptable. Excited-state equilibration is also fully excluded in 1 in toluene, since such a situation should allow for 3 MLLCT emission from the dirhenium-based chromophore to be detected, although with a reduced quantum yield with respect to the model species 2, and this is not the case for 1.
Noteworthy, photoinduced, oxidative charge separation followed by recombination via the fullerene triplet state analogous to the excited-state decay route found for 1 is also reported to occur for an Ir(III) cyclometalated / fullerene system, where phopshorescence of the fullerene triplet at 77 K also takes place.
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Conclusions
In conclusion, we have synthesized the first molecular dyad, 1, containing the dinuclear rhenium(I) {[Re 2 (µ-X) 2 (CO) 6 (µ-pyridazine)]} moiety as the chromophore subunit. , is obtained by calculating the driving force for the photoinduced oxidative electron transfer process from *Re 2 to the fullerene unit, ∆G, using the simplified equation ∆G = e(E ox -E red ) -E 00 , where E ox is the ground state oxidation potential of the donor chromophore, E red is the reduction potential of the acceptor (both expressed in V), E 00 is the excited state energy of the donor (in eV), assumed as the emission maximum of its model 2 at 77 K. The term e is the electron charge. 13 In this equation, the work term is neglected. It can be noted, anyway, that spectroscopic and redox data have been obtained in different solvents because of technical problems (see Table 1 ), so the calculated values should be considered with some care.
# A risetime is present in the ns flash photolysis experiment (see ESI, Fig. S2 ). This risetime, which should include the process (iv) cited above as the rate limiting step, is too fast to be fitted by our flash photolysis apparatus. This, however, allows to identify a time limit for the process (iv), that together with the limit identified by fs spectroscopy,
indicates that the process leading to the triplet state of the fullerene subunit in 1 occurs with a time constant between 3 and 10 ns. 
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Materials, equipments, and methods
All reagents were obtained from commercial suppliers and used without further purification; where needed, solvents were deoxygenated and dried by standard methods. 4-(Pyridazin-4-yl)-butanoic acid, complex 2 and fulleropyrrolidine 3 were prepared according to literature procedures. . Redox potentials were corrected by the internal reference ferrocene (395 mV vs. SCE).
UV−vis−NIR spectroelectrochemical measurements were obtained with a SPECAC Omni Cell System: an optically transparent thin-layer electrode (OTTLE) cell with the working Pt-mesh, twinned Ag-wire reference and Pt-mesh auxiliary electrodes melt-sealed into a polyethylene spacer -CaF 2 windows and 0.25 mm path length. The UV−vis−NIR spectra were registered with a JASCO V570 spectrophotometer concurrently applying a potential by using an Autolab multipurpose equipment interfaced to a PC. TBAPF 6 , (+99%) supporting electrolyte and toluene solvent (anhydrous, 99.8%) were supplied by Aldrich.
Experimental uncertainties are as follows: absorption maxima, 2 nm; molar absorption, 15%; luminescence maxima, 4 nm; luminescence lifetimes, 10%; luminescence quantum yields, 15%; transient absorption decay and rise rates, 10%; redox potentials, 15 mV.
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Förster rate constant for energy transfer process Assuming Förster energy transfer as the leading mechanism, the rate constant can be calculated by the simplified equation S1.
In this equation, k en F is the rate constant of the energy transfer process, K is an orientation factor which accounts for the directional nature of the dipole-dipole interaction, Φ and τ are the luminescence quantum yield and lifetime of the donor model, respectively, n is the solvent refractive index, r AB is the distance (in Å) between donor and acceptor. Considering the subunits of the species as freely rotating along the bond axis, the random value for the orientation factor (0.667) was assumed.
The overlap integral J F for Förster interaction can be calculated according to equation S2.
In this equation, F( v ) is the luminescence spectrum of the donor model, and ε( v ) is the absorption spectrum of the acceptor on an energy scale (cm -1 ).
This equation has been applied to calculate the energy transfer from the dirhenium chromophore to the fullerene subunit in 1. The relevant spectroscopic and photophysical data were derived from the model species 2 and 3. The orientation factor was assumed to be 2/3, the statistical value allowing free rotation. The donor-acceptor distance was assumed to be 10 Å, a quite, probably extreme, compact conformation (note that the dimension of the steroid moiety is 11 Å). With such approximations, time constant for the dirhenium-to-fullerene energy transfer according to the Förster mechanism in 1 is 13 ns, much slower than the experimental value of the quenching of dirhenium-based MMLCT excited state (about 100 ps, see main text). 0.24 mmol) in CH 2 Cl 2 (5 mL). The mixture was stirred at room temperature for 24 h, then water was added, the layers were separated and the organic phase was washed with NaHCO 3 5% (3×15 mL), brine (3×15mL) and dried over Na 2 SO 4 . The solvent was evaporated under reduced pressure and the residue was purified by flash chromatography (silica gel, toluene/AcOEt 6:4) affording 40 mg (38%) of 6 as a yellowish solid. 7, 172.52, 152.60, 150.96, 140.62, 125.80, 82.85, 53.57, 50.41, 46.48, 44.51, 42.58, 38.36, 37.98, 36.78, 35.59, 35.03, 33.12, 31.64, 31.07, 28.61, 27.46, 24.71, 23.40, 20.78, 11.13, 11.35 
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Synthesis
Comments on the possible presence of diastereoisomers in 1
The use of a diastereoisomeric mixture of ligand 7 to bind Re(I) (see Scheme S1) may, in principle, influence properties such as the rates of energy or electron transfer, because diastereoisomers have different spatial orientations. In addition, the short alkyl chain that connects the androstane spacer to the pyridazine ligand moiety can generate a number of different conformations for each diastereoisomer that further complicate the assessment of the respective orientation of the donor and acceptor moieties in dyad 1. One of us considered these structural issues in a previous paper (cited in reference no. 17 of the main paper, i.e.: M. Maggini, et al., Chem. Eur. J., 1998 , 4, 1992 -2000 , whose topic is closely related to that of the present work, and found that diastereoisomerically pure dyads, based on the same androstane spacer as dyad 1, essentially behave like their diastereoisomeric mixture when separately tested in photophysical experiments. Therefore, whereas diastereoisomers mixture can be present in 1, this circumstance is not important for the photophysical properties here studied. The situation resembles the negligible effect of the presence of chiral isomers for photoinduced electron and energy transfer processes involving multimetallic compounds based on octahedral Ru(II)-polypyridine compounds. 
Comments on the global kinetic analysis of 1
A global kinetic analysis was performed on the transient absorption spectra of 1 (see Figure S5 ).
The analysis yields three reliable components. The shortest one (τ about 23 ps), which is similar to the initial transient spectrum shown in Figure 5a Figure 5b , and is assigned to the charge-separated state (which is actually calculated to decay with a time constant of about 120 ps, see main text); the final spectrum, which has a decay time constant longer than the pump-probe experiment limit (3 ns), recalls the final spectrum in Figure 5c , and is assigned to the triplet state of the fullerene subunit (which indeed decays in the ns-µs regime, see main text and Figure S2 ).
